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Target Opportunities. 

CMU – Alloy Development 
Magnetics – Core Development 
LANL – Transformer Design, Construction 
NETL – Energy Applications  

http://www.nist.gov/pml/high_megawatt/ 

PL ~ B2fnt/ρ	



n ~ 1-2	





HVCM Transformer Typical H.V. Transformers 

•  150 kV, 20 KHz 
•  20 Amp RMS 
•  1 MW Average (3) Present Use 
•  450 LBS for 3 
•  3 KW Loss At 2 MW 
•  “C” Core Design (Parallel Windings) 

•  100 kV, 60 Hz 
•  20 Amp RMS 
•  2 MW Average 
•  35 Tons 
•  ~30 KW Loss 

High Frequency Nanocrystalline Transformers Are Over 150 Times 
Lighter And Significantly Smaller (At Same Power) 



Ferromagne)c	
  Nanocrystals	
  Embedded	
  in	
  an	
  Amorphous	
  Matrix:	
  

Nanocrystals	
  	
  Desired	
  Magne)c	
  Proper)es	
  
Amorphous	
  Phase	
  	
  Small	
  Grain	
  Size	
  and	
  Large	
  Resis)vity	
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  What are Nanocomposites? 



Alloy Name Typical
Composition

Nanocrystalline
Phase

BS Tc

FINEMET Fe73.5Si13.5B9Nb3Cu1 α-FeSi, FeSi (DO3) 1.0 – 1.2 T < 770 0C
NANOPERM Fe8 8Zr7B4Cu α-Fe (BCC) 1.5 - 1.8 T 770 0C
HITPERM Fe4 4Co4 4Zr7B4Cu α, α'-FeCo, (BCC,B2) 1.6 – 2.1 T > 965 0C

Materials Choices: Permeability, Induction and Curie Temperature 

 Frequency Response: 

 Resistivity 
 Lamination 
 Thickness  



Lab Scale Planar Flow Casting. 

 

COPPER DRUM

NOZZLENOZZLE



 
 

HTX-002 Inductor 
Core Size - 4.23 ” OD,  
1.325 ” ID, 1.095 ” HT 

FINEMET Inductor 
Core Size - 4.23” OD,  
1.325” ID, 1.767” HT 



COPPER DRUM

NOZZLENOZZLE

Melt Spinning Processing 

BCC	
  



Production Caster 
 



HTX002: (Fe65Co35)80+xB13Nb4-xSi2Cu1 

•  Ideal Fe:Co ratio of 65:35 found 
• Nb-content reduced to increase induction 
•  1 at% Nb alloy demonstarted low losses and 
high saturation induction 

4 at% Nb     1 at% Nb 

High Induction Materials for ARL Power Transformer 



Power Electronics: Energy Storage and Conversion… Inductor Applications	
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Higher	
  Stored	
  Energy	
  

Inductance	
  

HK	
  

1)	

 2)	



Cut	
  Core	
  Power	
  Transformer	
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Why is High KU Technologically Relevant? 



Advanced Winding Topology Minimizes Field Stresses  
And Leakage Inductance 

PRIMARY FEED 
BUSS ASSEMBLY 

FIELD FREE REGION 

SECONDARY WINDING 
(2 PARALLEL) 

CORONA RING 

TRANSFORMER 
SUPPORT STAND LOW VOLTAGE NODE 

(NEUTRAL) 

REVERSE PITCH 
DOUBLE BASKET 

WINDING 

C-core Design,  Graded Permeability –Higher Efficiency 



WIRE 

BUSSBAR 

CORONA 
RINGS 

Boost Transformer Windings 



Alloy	
   Remarks	
   Applied	
  field	
   Bm,	
  T	
   μ	
   Kr	
   P0.2/20,	
  
W/kg	
  

P0.1/100,	
  
mW/cc	
  

Tmax,	
  °C	
   λs,	
  ppm	
  

HTX	
  002	
   Nanocrystalline	
   TMF	
   1.47	
   1500	
   0.02-­‐0.03	
   4-­‐6	
   150	
   250	
   20	
  

C	
  
Amorphous	
   TMF	
   0.94	
   670	
   0.01	
   5	
   150	
   ~0	
  

Nanocrystalline	
   TMF	
   0.88	
   480	
   0.01	
   8	
   230	
   400	
   1.4	
  

F	
   Nanocrystalline	
   TMF	
   0.82	
   220	
   0.01	
   6-­‐8	
   150-­‐200	
   0.3	
  

A	
   Amorphous	
   No	
  field	
   1.50	
   1k	
  to	
  3k*	
   0.05-­‐0.15*	
   3-­‐5	
   70-­‐90	
   22	
  

D	
   Nanocrystalline	
   TMF	
   1.20	
   9k	
  to	
  18k*	
   0.02-­‐0.04*	
   1.5	
   35-­‐45	
   ~0	
  

2605SA1	
   Amorphous	
   No	
  field	
   1.56	
   1k	
  to	
  5k*	
   0.10-­‐0.20*	
   10	
   120	
   155	
   25	
  

FT-­‐3	
   Nanocrystalline	
   TMF	
   1.25	
   15k	
  to	
  20k*	
   0.04-­‐0.08*	
   2	
   60-­‐70	
   125	
   ~0	
  

* - depend on annealing conditions 

Annealing conditions were optimized to get flat B-H loop and minimal watt loss. 

Alloy Comparison 

 



Al Hefner – High MW Proceedings 



Al Hefner – High MW Proceedings 



 

 

Introduction: Soft Magnetic Nanocomposites 


